Filamentous actin and its associated binding proteins are the stimulatory site for 6-phosphofructo-1-kinase association within the membrane of human erythrocytes.
Glycolytic enzymes reversibly associate with the human erythrocyte membrane (EM) as part of their regulatory mechanism. The site for this association has been described as the amino terminus of band 3, a transmembrane anion transporter. Binding of glycolytic enzymes to this site is recognized to inhibit glycolysis, since binding inhibits the catalytic activity of these enzymes, including the rate-limiting enzyme 6-phosphofructo-1-kinase (PFK). However, the existence of a putative stimulatory site for glycolytic enzymes within the EM has been proposed. PFK has been described as able to reversibly associate with other proteins, such as microtubules, which inhibit the enzyme, and filamentous actin, which activates the enzyme. Here, it is demonstrated that PFK also binds to actin filaments and its associated binding proteins in the protein meshwork that forms the erythrocyte cytoskeleton. Through fluorescence resonance energy transfer experiments using either confocal microscopy or fluorescence spectroscopy, we show that, within the EM, PFK and actin filaments containing its associated binding proteins are located close enough to propose binding between them. Moreover, specifically blocking PFK binding to band 3 results in an association of the enzyme with the EM that increases the enzyme's catalytic activity. Conversely, disruption of the association between PFK and actin filaments containing its associated binding proteins potentiates the inhibitory action of the EM on the enzyme. Furthermore, it is shown that insulin signaling increases the association of PFK to actin filaments and its associated binding proteins, revealing that this event may play a role on the stimulatory effects of insulin on erythrocyte glycolysis. In summary, the present work presents evidence that filamentous actin and its associated binding proteins are the stimulatory site for PFK within the EM.